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The present invention relates to electrical circuits of the 
printed type. 
More speci?cally, the invention relates to a new and 

improved method and apparatus for dispensing printed 
circuit inks onto backing members in the fabrication of 
printed type electric circuits. 
One of the more troublesome problems encountered in 

the fabrication of printed type electric circuits has been 
the inability of the fabricators to achieve uniformity in the 
ultimate electrical characteristics of this type of circuit 
element. For example, heretofore in the production of 
printed type electric resistors produced by depositing a 
printed circuit ink (such as ?nely pulverized carbon sup 
ported in a suitable liquid carrier), upon an insulating 
backing member, great ‘difficulty has been experienced in 
obtaining identical electrical resistance in the successively 
produced printed resistor, or at least, in maintaining-un 
desired variations in the electrical resistance values of 
successively produced printed resistor elements within ac 
ceptable tolerance ranges. 

It was determined that these undesired variations in 
electrical characteristics were due primarily to different 
amounts of printed circuit inks being deposited during 
successive operations by the ink dispensing method and 
apparatus heretofore used to produce these elements. 
Hence, it was necessary to obtain more satisfactory tech 
niques and apparatus for ‘dispensing printed circuit inks, 
and in the attempt to do so, the present invention was 
devised. 

It is therefore one object of the present invention to 
provide a printed circuit element wherein a large per 
centage of successively produced circuit elements all have 
similar electrical characteristics, and any variations in the 
electrical characteristics that do occur in some of the ele~ 
ments, are within acceptable tolerance ranges. 

Another object of the invention is to provide a new 
and improved method and apparatus for dispensing 
printed circuit inks onto backing members to produce 
printed circuit elements having the above-described char 
acteristics. 

In practicing the invention, a method and apparatus 
for dispensing printed circuit inks are provided which 
utilize a container for the printed circuit ink that has an 
outlet ori?ce which may be disposed adjacent a material 
to be inked, and a ?uid type opening for replenishing the 
supply of ink retained therein. Means are provided for 
subjecting the ink within the container to a ‘desired pres 
sure, and temperature ‘controlling means are also supplied 
for maintaining the ?ow properties of the ink within the 
container at a desired optimum value. Additionally, 
means are provided for moving the material to be inked 
past the outlet ori?ce of the container at a constant ve 
locity, and means are supplied for controlling the pressure 
applied to the ink within the container to thereby start 
and stop the ?ow of ink through the outlet ori?ce. ‘In 
utilizing the apparatus, the temperature of the ink Within 
the container is maintained at a desired value to assure 
the ink having optimum ?uid properties, and the pressure 
applied to the ink is controlled to thereby start and stop 
?ow through the outlet ori?ce, while the material to be 
inked is moved past the outlet ori?ce at a constant velocity. 

Other objects, features and many of the attendant ad 
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vantages of the invention will be appreciated more readily 
as the same becomes better understood by reference to 
the following detailed description when considered in con 
nection with the accompanying drawings, wherein like 
parts in each of the several ?gures are identi?ed by the 
same reference characters, and wherein: 

FIG. 1 is a functional block diagram illustrating the 
method and [apparatus for producing printed circuit ele 
ments in accordance with the invention; 

FIG. 2. is a sectional view of a printed ink dispenser 
constructed in accordance with the invention, and com 
prising a part of the system illustrated in FIG. 1; 

FIG. 3 is a partial sectional view of an outlet ori?ce 
construction that comprises a part of the ink dispenser 
shown in FIG. 2; 

FIG. 4 is a plan view of a printed circuit element pro 
duced by means of the present invention; 

‘FIG. 5a is a cross-sectional view of the printed circuit 
element shown in FIG. 4, taken through plane 5-5 there 
of in the direction indicated by the arrows; 

FIG. 5b‘ is an end view of a portion of a pen carriage 
comprising a part of the ink dispenser, and shows an out 
let ori?ce suitable for producing the circuit element shown 
in FIG. 5a; 

FIG. 6a is a cross-sectional view of a second printed 
circuit element, produced by means of the present inven 
tion, which is similar to that illustrated in FIG. 4, but of 
slightly modi?ed dimensions, and hence electrical char 
acteristics; and 
FIG. 6b is an end view of an outlet ori?ce construction 

suitable for producing the circuit element shown in FIG. 
6a. 
The apparatus for dispensing printed circuit ink illus 

trated schematically in FIG. 1 of the drawings, comprises 
a container 11, the construction of which is shown in 
FIG. 2. The container 11 has an outlet ori?ce 12 there 
in, best shown in FIGS. 3 and 5b, which communicates 
with the interior of the main body of the container 11 
through a ?exible conduit 13 that allows the outlet ori?ce 
12 to be disposed adjacent the surface of the backing 
members 14 on which the ink is to be printed. Add1i~ 
tionally, the container 11 has an opening 15 in the top 
thereof which allows a supply of printed ‘circuit ink 16 
contained therein to be replenished, and which is closed 
in a ?uid tight fashion by a threaded plug. 
The printed circuit ink 16 within container 11 is sub 

ject to pressure from a high pressure air system operatively 
connected to the container, and comprising an :air com 
pressor 17, an air pressure regulating device 18, and a 
conduit 19 for interconnecting the two with the container 
11. If desired, a manually-operated cut-off Valve 21, 
and a pressure indicating instrument 2.2 may be connected 
in the conduit 19 between the air compressor -17, land the 
container 11. By this arrangement, pressure regulator 
18, which is preferably automatic in operation, can be 
used to automatically control the air pressure applied to 
the upper surface of the printed circuit ink 16. 
The pressure applied to the surface of the printed cir 

cuit ink 16 within container 11 causes the ink to flow 
out through the outlet ori?ce 12, and to be deposited 
upon the surface of the backing members 14. In order 
to assure that the ?uid ?ow properties of the printed 
circuit ink 16 are maintained at an optimum value, tem 
perature controlling means are provided which comprises 
a heating coil consisting of a plurality of interconnected 
conduits 23 formed in the sides of the container 11 sur 
rounding the interior portion thereof in which the printed 
circuit ink 16 is disposed. A suitable heating ?uid such 
as steam or hot water is circulated through conduits 23 
by means of inlet and outlet connections 24 and 25, and 
serves to maintain the temperature, and hence the ?uid 
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flow properties, of the printed circuit 16 at an optimum 
value. While the construction illustrated in FIG, 2 of 
the drawing is preferred, it is of course possible that 
the helical conduits 23 could be separate from, and sur 
round the container 11. Other alternative arrangements 
for maintaining the temperature of the printed circuit ink 
16 at an optimum value, could also be satisfactorily used. 

In operation, the backing members 14 upon which the 
ink 16 is to be deposited, are moved past the outlet 
ori?ce 12 at a constant velocity by a suitable conveyor 
belt 26 driven by constant speed motors (not shown) 
and a suitable pulley wheel arrangement. If desired, 
the backing members can be supported in a ?xed tray 
and the pen carriage moved relative thereto; however 
the ?rst arrangement described is preferred. The back 
ing members 14 to be inked, are held in place on the 
Conveyor belt 26 by small detents 27 formed on the sur 
face of the belt, and are successively moved under a 
pen carriage 28 that is secured to the end of the ?exible 
conduit 13, and in which the outlet ori?ce 12 is formed. 
In the embodiment of the invention shown, the pen 
carriage 28 rides directly on the surface of the backing 
members 14, and the printed circuit ink 16 is caused to 
?ow out through the outlet ori?ce 12 in the end there 
of, and to deposit upon the backing members in the 
manner illustrated in FIG. 3. If desired, however, a 
special pen carriage may be provided for maintaining 
constant pen ori?ce to surface of backing member height 
in order to further insure good reproducibility during suc~ 
cessive printing operations. 
As best shown in FIG. 4, the backing members 14 have 

preformed electrically conductive contact areas 29 on 
each end thereof so that as the backing members travel 
from right to left in the direction of the arrows shown 
in FIG. 2, the ink 16 deposited thereon through outlet 
ori?ce 12 extends between and connects the contact areas. 
The ?ow of ink 16 through the outlet ori?ce 12 is caused 
to start and stop at the respective contact areas by pres 
sure regulators 18 which causes the pressure applied to 
the surface of printed circuit ink 16 to rise above or 
fall below critical values to initiate and stop plug ?ow 
of the ink. 

In order to assure good control over the start and 
stop of ink ?ow through the outlet ori?ce 12, it is desir 
able that the dimensions of the outlet ori?ce 12 be 
somewhat proportioned to the desired dimensions (and 
hence desired electrical characteristics) of the printed 
circuit element formed by the ink 16. This requirement 
is best illustrated in FIGS. 5a and 5b and in FIGS. 60 
and 6b of the drawings. Considering FIG. 4, if a cross 
section is taken of the printed circuit element formed 
by the printed circuit ink 16 in a plane perpendicular 
to the direction of travel of the backing member 14, 
and hence perpendicular to the long dimension of the 
printed circuit element, the cross section would appear 
as shown in FIG. 5a of the drawings. By comparing 
the cross-section of the printed circuit element 16 shown 
in FIG. 5a, to an end view of the outlet ori?ce 12 formed 
in the end of pen carriage 28, illustrated in FIG. S'b, 
it can be appreciated that the width w of the printed 
circuit element 16 is substantially equal to the width w 
of the outlet ori?ce 12, and depth d of the printed cir~ 
cuit element 16 is substantially equal to the dimension 
d of the outlet ori?ce 12. The dimensions of the cross 
sectional area of the printed circuit elements 16 (and 
hence the electrical characteristics thereof) can be con 
trolled somewhat by the variations within a restricted 
range of the pressure applied to the surface of the ink 
16 within container 11; however, in order to effect rather 
large changes, such as a reduction of one half in the 
resistance value of a printed resistor, then, assuming 
that the resistance value of the printed resistor is a 
linear function of its depth d, the depth d of the printed 
circuit element 16 must be decreased to one-half the 
depth of the element shown in FIG. 5a. To accom 
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4 
plish such a large change in resistance value, it would 
be necessary to provide a new pen carriage 28 shown 
in FIG. 6b having an outlet ori?ce 12 whose depth d/Z 
is in the order of one-half the depth d of the outlet 
ori?ce 12 shown in the pen carriage 28 of FIG. 5b. 
Consequently, it can be appreciated that for the best re 
sults, and greater control over the ?ow and cut-off of 
the printed circuit ink 16, it is desirable that the outlet 
ori?ce 12 be somewhat comparable in cross-section to 
the cross-section of the printed circuit element to be pro 
duced. 

Prior to the production of printed circuit elements in 
accordance with the invention, a pen carriage 28 is pro 
vided for the ?exible conduit 13 which has a suitable 
size outlet ori?ce 12 therein selected in accordance with 
the considerations set forth in the preceding paragraph. 
The container 11 is then ?lled with the particular printed 
circuit ink 16 to be deposited on the backing members 14. 

While there are many known printed circuit inks suit 
able for use in practicing the invention, one composition 
which has been successfully used constitutes a printed 
resistor element upon polymerizing, and is described in 
an article entitled “New Injection Molding Process for 
Printed Resistors” appearing in Electrical Manufacturing 
magazine, January, 1955 issue, R. S. Marty, E. M. Davies, 
and P. J. Franklin authors. This composition comprises 
essentially about ten (10) to thirty (30) percent by 
weight of ?nely pulverized carbon suspended in a resin 
solvent solution. The exact amount of carbon in any 
composition along with the amount of ink deposited con 
trols the resistance value of the printed element upon 
polymerization. Hence by varying, the amount of car 
bon content in the ink composition and/or by varying 
the pressure applied to the surface of the ink, the re 
sistance value of the ultimate printed resistor can be 
controlled within a restricted range of values. To effect 
substantial changes in resistance value, the technique 
described in the preceding paragraph must be used. If 
desired, other printed circuit inks could be satisfactorily 
substituted in the place of that described above. 
Upon the container 11 being ?lled with a suitable print 

ed circuit ink, heating ?uid is supplied to the conduit or 
heating coils 23, and the ink brought up to a tempera 
ture such that it exhibits the desired ?uid properties. With 
relation to the speci?c ink composition identi?ed, the 
temperature of the ink may range in the vicinity of thirty 
degrees centigracle (30° 0), however, after a batch (con 
tainer full) has been started, the temperature should not 
be allowed to vary more than i one tenth of one de 
gree centigrade (11° C.) for best results. 
At this point the air compressor is started up, and the 

high pressure air system brought up to a pressure of from 
twenty (20) to thirty (30) pounds gage. The regulat 
ing device then operates to maintain the preset pres 
sure, and to subject the surface of the printed circuit ink 
in container 11 to such pressure, or to vent the con~ 
tainer to atmospheric pressure to thereby start and stop 
?ow of the printed circuit ink out through the outlet 
ori?ce 12. Operation of the pressure regulator is then 
synchronized with the movement past the outlet ori?ce 
12 of the backing members 14 which have been loaded 
on the conveyor belt 26 by a suitable loading device. 
In this manner printed circuit ink 16 is caused to ?ow 
out of the outlet ori?ce 12 upon the leading contact area 
29 of a particular backing member passing under the 
outlet ori?ce, and to cut—oif ?ow of the printed circuit 
ink upon the following or lagging contact area 29 thereof 
coming under the outlet ori?ce.‘ If desired, the pressure 
applied to the surface of printed circuit inks 16 within 
the main body of container 11 may be controlled manu 
ally to effect the same result. Hence, as the backing 
members 14 pass at constant velocity under the outlet 
ori?ce 12, the printed circuit ink is caused to be de 
posited on each successive backing member in a uni 
form layer due to the fact that all the conditions deter 
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mining flow of the ink upon the backing member are 
known, and are subject to control. Because of this fact, 
successively produced printed circuit elements have iden 
tical electrical characteristics, or in the event any varia 
tions the electrical characteristics do occur, such varia 
tions are Within acceptable tolerance ranges. 
From the foregoing descriptions, it can be appreciated 

that the invention provides a new and improved method 
and apparatus for dispensing printed circuit inks upon 
backing members whereby a large percentage of the 
printed circuit elements successively produced all have 
similar electrical characteristics, ‘and any variations in the 
electrical characteristics that do occur in some of the 
elements, are within acceptable tolerance ranges. 

Obviously, other modi?cations and variations of the 
invention will be suggested to those skilled in the art 
in the light of the above teachings. It is therefore to 
be understood that changes may be made in the par 
ticular embodiment of the invention described which are 
within the full intended scope of the invention as de 
?ned by the appended claims. 
What We claim as new and desire to secure by Letters 

Patent of the United States is: 
An apparatus for dispensing printed circuit inks onto 

backing members to produce printed circuit elements hav 
ing similar electrical characteristics and to maintain any 
variations in the electrical characteristics of said elements 
within acceptable tolerance range comprising: 

(a) a container for said printed circuit inks having an 
outlet ori?ce disposable adjacent the surface of said 
backing members to be inked with the opening of 
the ori?ce substantially perpendicular to the backing 
members, and a ?uid tight opening for replenishing 
the supply of ink contained therein, said outlet ori 
?ce having a cross section similar in size and shape 
to the cross section of said printed circuit elements; 

(b) ‘a high pressure air system operatively connected 
to said container for subjecting said printed circuit 
ink within said container to a desired pressure, 
wherein said high pressure system is preset to op 
crate Within the range of about twenty to thirty 
pounds per square inch gage, said high pressure air 
system including an air pressure regulating ‘device 
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for controlling the pressure applied to the ink within 
said container; 

(0) a heating coil means comprising a plurality of in 
terconnected conduits formed in the sides of said 
container surrounding the interior portion thereof, 
said printed circuit ink being disposed in said interior 
portion, said heating coil means for maintaining the 
?ow property of the ink ?owing out through said 
outlet ori?ce at an optimum value by controlling the 
temperature of said printed circuit ink within said 
container in the vicinity of about thirty degrees 
centigrade, and after the ink begins to ?ow out 
through said outlet ori?ce said heating coil means 
for maintaining the temperature within about one 
tenth of one degree centigrade for said optimum 
value ?ow; and 

(d) a constant speed conveyor for moving said back 
ing members to be inked past the outlet ori?ce in 
said container at a constant velocity, the surface of 
said conveyor having rdetents thereon for retaining 
the backing members to be inked as the same are 
moved past said outlet ori?ce and ink is deposited 
thereon. 
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